To determine rates of self-reported adherence to ACT by patients treated in an adult CF program, to identify patient characteristics associated with poor adherence, to typify adherence according to ACT technique, and to indicate reasons for poor adherence. METHODS: Our crosssectional study included CF subjects age 16 years and older. Enrollees were evaluated via general structured questionnaire, adherence questionnaire, clinical assessment, spirometry, and S pO 2 values. Each was stratified by self-reporting protocol as high, moderate, or poor adherence to ACT. Concordance between physiotherapist recommended ACT technique and self-reported subject adherence was subjected to agreement analysis. RESULTS: Of the 63 subjects studied, 38 (60%) qualified as high adherence, 12 (19%) as moderate adherence, and 13 (21%) as poor adherence. Logistic regression identified education level (less than high school) as an independent factor associated with poor adherence (odds ratio 10.2, 95% CI 1.23-84.7, P ‫؍‬ .03). Positive expiratory pressure ( ‫؍‬ 0.87) and flutter device ( ‫؍‬ 0.63) usage both corresponded with a high level of agreement, while active cycle of breathing technique ( ‫؍‬ 0.40) and autogenic drainage ( ‫؍‬ 0.39) each showed moderate agreement. Agreement was low for percussion and postural drainage ( ‫؍‬ 0.23). Reasons given most frequently for poor adherence to ACT were "not enough time to do ACT" (28%), "cannot be bothered" (16%), and "do not enjoy ACT technique" (8%). Many (32%) provided no reason. CONCLUSIONS: Study outcomes showed a high rate of ACT adherence in adult CF subjects. Lower level of education was the most important factor in poor adherence to ACT. Self-reported adherence and treatment recommendations were in best agreement with positive expiratory pressure and flutter device techniques.
Introduction
Cystic fibrosis (CF) is a multisystem disease leading to substantial chronic sinopulmonary disease, pancreatic exocrine dysfunction, excessive sweat chloride, and male infertility. Its incidence is estimated at one in 3,500 live births, making it the most common autosomal recessive inheritable condition. In recent years, medical and technologic advances have increased median survival worldwide, primarily through early diagnosis, input of specialists, better treatments, and organ transplantation. 1 However, standard methods are rigorous, requiring time-consuming regimens of patient self-care. Daily management routinely involves airway clearance therapies (ACTs), exercise, oral and inhaled respiratory medications, and oral supplementation (pancreatic enzymes, vitamins) to control malabsorption. 2, 3 While poor therapeutic adherence is typical and contributes substantially to CF treatment failures, the degree of inadequacy generally varies, depending on patient subset, therapeutic target, required treatment, and the definition of adherence. The relationship between adherence and progression of CF subsequently remains a matter of debate. It is likely that poor adherence, as with other chronic conditions, results in more acute episodes and hospital admissions and possibly contributes to premature death. 4 Reasons for adherence problems in CF have been explored in various studies, 2, [5] [6] [7] acknowledging that daily management places high-level demand on adults with CF. 8 ACT is an integral part of CF management that specifically calls for daily commitment. It is also the most timeconsuming aspect of patient care, but it is considered critical for maintaining lung function. ACT is usually performed twice daily, but may be increased to 4 times per day if necessary. Although techniques and time intervals for ACT may vary, the aim is to promote expectoration, keeping airways clear; yet there are few studies exploring adherence rates with ACT. To understand better ACT nonadherence would be useful in subsequent attempts to search for the causes of this attitude, in order to develop strategies to improve adherence to treatment. 4, 9, 10 Our objectives were to examine self-reported rates of adherence to ACT by patients in an adult CF program, to ascertain patient characteristics associated with poor adherence, and to exemplify adherence according to ACT technique. Reasons for poor adherence were also detailed.
Methods

Study Design
This was a single center, cross-sectional study of prospectively collected data, approved by the ethics and research committee of the Hospital de Clínicas de Porto Alegre. All subjects Ն 18 years of age, or legal guardians of minors, granted informed consent.
Patient Population
The subject cohort was drawn from the adult CF program at Hospital de Clínicas de Porto Alegre, Porto Alegre, Rio Grande do Sul, Brazil. Eligible patients were 16 years of age or older, with a diagnosis of CF according to consensus criteria, [11] [12] [13] and were clinically stable (ie, no exacerbation, therapeutic modification, or hospitalization in past 30 d). Failure to complete any of the study questionnaires and refusal of consent were grounds for exclusion.
Measures and Procedures
After a scheduled out-patient consultation, all subjects were individually interviewed by a research member, using a structured questionnaire, to weigh the following variables: age, age at diagnosis, sex, race, marital status, education level, socioeconomic status, and employability.
The present work is based on the assumption that selfreported adherence is a reasonable substitute for objective data regarding adherence. Adherence was assessed via questionnaire (see the supplementary materials at http:// www.rcjournal.com) adapted from previous studies. 7, 14 For example, response choices for frequency of chest physiotherapy were "every day or almost every day," "about 3-5 days a week," or "less than 3 days a week" (poor adherence). Reasons for nonadherence were also solicited, as were therapeutic duration, daily repetitions, and nature of routine chest physiotherapy. Questionnaires were completed anonymously, emphasizing the importance of confidentiality.
Subjects were again interviewed outside the out-patient area by a physiotherapist (not directly involved in patient treatment) and were asked to demonstrate their ACT tech-
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Current knowledge
Daily management of cystic fibrosis (CF) includes airway clearance therapies, which require daily commitment to time-consuming regimens. While the relationship of adherence to airway clearance therapies and progression of CF is a matter of debate, adherence to airway clearance therapies appears to reduce exacerbations and hospitalizations.
What this paper contributes to our knowledge
There was a high rate of airway clearance therapy adherence in adult CF patients. A lower level of education was the most important characteristic associated with poor adherence. Patients with less severe disease also had lower adherence rates. Treatment recommendations and self-reported patient adherence were in best agreement when positive expiratory pressure and flutter devices were used.
nique. If performance was correct in all steps, the technique was rated as "adequate." If at least one step was incorrect, the rating was judged "inadequate." All ACT recommendations were made by the same physiotherapist overseeing patient treatment, 9,10 documenting the duration, daily repetitions, and nature of chest physiotherapy advised (see the supplementary materials at http://www. rcjournal.com). All clinical scores in the out-patient setting were assigned by the same senior member of the CF team according to the Shwachman-Kulczycki scoring system for CF severity. 15 A computerized spirometer (Jaeger 4.31a, Jaeger/ CareFusion, Würzburg, Germany) was employed for pulmonary function testing. FEV 1 , FVC, and FEV 1 /FVC were measured 3 times, with the best effort reported in absolute values and percent-of-predicted values for age, stature, and sex. 16 S pO 2 at rest was recorded (NPB-40, Nellcor Puritan Bennett, Pleasanton, California).
For statistical purposes, subjects were stratified by selfreported adherence to ACT: high adherence ("every day or almost every day"), moderate adherence ("about 3-5 days a week"), and poor adherence ("less than 3 days a week").
Statistical Analysis
Data analysis was facilitated by statistics software (SPSS 18.0, SPSS, Chicago, Illinois). Quantitative results were expressed as mean Ϯ SD or as median and interquartile range, and qualitative outcomes as numbers of cases (% of all cases). Quantitative data with normal distribution were subjected to one-way analysis of variance with Tukey post-hoc test. For continuous data with nonnormal distribution, Kruskal-Wallis and post-hoc Z test were used. Chi-square test was applied to all qualitative data, as well as the Yates correction or Fisher exact test, as required. Concordance between ACT technique (physiotherapist recommended) and self-reported subject adherence to the advised regimen was evaluated by analysis, weighted analysis, and intraclass correlation coefficient.
Multivariate analyses were generated through logistic regression, with method forward conditional. On this basis, the odds ratio was the odds ratio for poor adherence to ACT. Selected variables with a P value Ͻ .10 were introduced in the binary logistic regression, controlled by sex and age. All statistical tests used were 2-tailed. The level of significance was set at P Ͻ .05.
Results
Sixty-three of 71 patients participating in the adult CF program were eligible for study (8 refusals) . Mean subject age was 23.1 Ϯ 6.3 years, with 32 females and 31 males. All subjects were white.
General characteristics of the CF subjects are summarized by self-reported adherence level (Table 1) , including 38 (60%) with high adherence, 12 (19%) with moderate adherence, and 13 (21%) with poor adherence. Assigned subsets did not differ significantly in age, age at diagnosis, sex, body mass index, marital status, income level (per annum), education level, or employability (P Ͼ .05), although a significant association between self-reported adherence status and education level (P ϭ .02) was found. By comparison, the poor adherence group contained a higher proportion of high school non-graduates with Ͼ 8 years of schooling and a lower proportion of more educated subjects. Overall, 58.3% of subjects with advanced education achieved moderate adherence.
Clinical and functional lung parameters are summarized, stratified by self-reported adherence level, in Table 2 . Shwachman-Kulczycki clinical score, percent-of-predicted FEV 1 , and FEV 1 /FVC (%) were significantly lower with high adherence (70.0, 53.9%, and 66.0%, respectively) versus poor adherence (80.0, 71.8%, and 76.4%, respectively, all P Ͻ .05), but did not differ significantly from moderate adherence level (82.5, 68.2%, and 71.2%, respectively, all P Ͼ .05). For the 3 groups, percent-ofpredicted FVC (P ϭ .12) and S pO 2 at rest (P ϭ .054) did not differ significantly.
Variables of education level (less than high school vs high school and beyond), Shwachman-Kulczycki clinical score, FEV 1 (% predicted), and S pO 2 at rest, adjusted by sex and age, were introduced into the forward conditional regression model, with education level (less than high school) emerging as an independent factor associated with poor adherence (odds ratio 10.2, 95% CI 1.23-84.7, P ϭ .03).
Specifics of ACT technique according to self-reported adherence were compiled ( Table 3 ). The duration of the ACT was significantly longer for high adherence subjects (45 min) than for those of moderate and poor adherence (30 min each, P ϭ .009). The daily number of ACT sessions was also significantly greater at high adherence (3.0 sessions) than at moderate and poor levels (2.0 sessions each, P Ͻ .001). Between groups, no significant differences were observed for the number of exercise sessions per week (P ϭ .85) or the adequacy of ACT technique using autogenic drainage (P ϭ .89), active cycle of breathing (P ϭ .52), positive expiratory pressure (P ϭ .50), flutter devices (P ϭ .17), and percussion and postural drainage (P ϭ .95).
Treatment recommendations (by physiotherapist) called for active cycle of breathing in 50 subjects (79.4%), autogenic drainage in 14 (22.2%), positive expiratory pressure in 16 (25.4%), flutter device usage in 6 (9.5%), and postural drainage in 28 (44.4%). Subsequent analysis showed that agreement between recommended treatment and self-reported subject adherence was very high, with positive expiratory pressure ( ϭ 0.87), while agreement was high with flutter devices ( ϭ 0.63), moderate with active cycle of breathing ( ϭ 0.40) and autogenic drainage ( ϭ 0.39) techniques, and low with percussion and postural drainage ( ϭ 0.23). In addition, concordance was high with frequency of exercise (sessions/week, intraclass correlation coefficient ϭ 0.62), moderate with frequency of ACT (sessions/d, intraclass correlation coefficient ϭ 0.42), but low with duration of ACT (minutes, intraclass correlation coefficient ϭ 0.33).
Reasons stated for poor adherence with ACT are shown in Table 4 . Seven subjects (28%) reported "not enough time to do ACT," while 4 (16%) responded with "cannot be bothered," and 2 (8%) with "do not enjoy ACT technique." Other reasons given by one subject (4%) each, included "do not believe that it does any good," "cannot find any motivation," "do plenty of exercise instead of ACT," and "feeling depressed." Eight subjects (32%) offered no explanation at all.
Discussion
Relatively high rates of adherence to ACT were achieved by subjects participating in an adult CF program at a large tertiary care and university affiliated hospital in Porto Alegre, Brazil. Although a majority of those studied (60%) reported daily or near-daily ACT (high adherence), a substantial number (40%) engaged in ACT only about 3-5 days per week (moderate adherence) or Ͻ 3 days per week (poor adherence). A longitudinal study investigating adherence to ACT using daily telephone diary by 153 adolescents with CF did not fare as well, resulting in low, medium, and high levels of adherence at 14%, 49%, and 37%, respectively. 17 Patients with moderate-to-poor adherence are thus the logical target for therapeutic aid. Of particular note, the reported number and duration of daily sessions for ACT were significantly greater in the high adherence subset, as opposed to moderate and poor adherence levels. Although patients with more severe disease would receive more challenging ACT recommendations in number and duration of daily sessions, the adherence classification was based on self-reported frequency of chest physiotherapy in a week ("every day or almost every day," "about 3-5 days a week," or "less than 3 days a week"). Shwachman-Kulczycki clinical score, percentof-predicted FEV 1 , and FEV 1 /FVC (%) variables were significantly lower for subjects with high versus poor adherence (all P Ͻ .05), but did not differ from adherence at the moderate level (all P Ͼ .05). Apparently, patients with lesser pulmonary disease are apt to disregard the need for ACT, realizing its importance only when medical complications arise and further irreversible lung damage has already occurred. Healthcare professionals must therefore bolster efforts, finding strategies to enhance adherence when patient adherence is inadequate. In our study, agreement between ACT recommendations (by physiotherapist) and self-reported subject adherence was very high for the use of positive expiratory pressure. Agreement was also high for flutter devices and moderate for active cycle of breathing and autogenic drainage techniques, but it was low for percussion and postural drainage. As such, Modi et al 17 showed that adolescents with CF were more likely to attain moderate adherence with flutter device usage, compared with percussion and postural drainage and high-frequency chest wall oscillation (Vest therapy). Flutter and positive expiratory pressure devices can be implemented successfully and independently by CF patients once techniques have been mastered. However, a flutter device requires active patient participation at the risk of boredom or disinterest during the full prescribed duration of therapy. This underscores the importance of incorporating patient preference when rendering decisions on ACT technique, given the current lack of evidence for any method superiority.
Reasons most frequently offered by our subjects for poor adherence with ACT were "not enough time to do ACT" (28%), "cannot be bothered" (16%), and "do not enjoy ACT technique" (8%), although nearly one third (32%) gave no reason whatsoever. According to Dodd and Webb, 18 who investigated treatment nonadherence in adults with CF, the major reasons were related to health ("I feel well without treatment," "I'm not as serious as others") and time ("not enough time," "I am too busy," and "I forget"). Another publication, by Bucks et al, 19 focused on the interrelationships of illness perceptions, emotional representations, treatment beliefs, and reported adherence in 38 adolescents with CF. From their view, adherence to chest physiotherapy was rooted in a patient's perceived need for treatment relative to the potential for adverse effects. Subjects, in fact, expressed strong doubts about the necessity of chest physiotherapy. Our study identified patient characteristics specifically linked with poor adherence and typified adherence patterns for each mode of ACT, perhaps explaining therapeutic shortfalls.
In univariate analysis, we identified several factors associated with the degree of adherence: education level, Shwachman-Kulczycki clinical score, FEV 1 (% of predicted), and S pO 2 at rest. By multivariate analysis, low education level (less than high school) was the most important factor, independently correlating with poor adherence to treatment. While many of the subjects we recruited were below 18 years of age and had yet to start or finish high school, age-and sex-controlled results were unchanged. Then again, advanced education did not guarantee high adherence to ACT. Despite enabling scheduling and planning skills for better adherence, at some point the benefits derived from higher education cease to significantly influence adherence.
With respect to potential limitations, the cross-sectional design of this study was insufficient to define the temporal relationship between adherence to ACT and declines in health or lung function of CF patients. Our patient sampling was also small. In this work, ACT adherence evaluation was based on the subject self-reporting adherence. Self-reporting often overestimates adherence when compared with objective measures. 18 Although objective measures are more efficient, they are not always feasible for evaluation of adherence. Subjective self-report techniques are easy to use and seem to allow, albeit with less sensitivity, the identification of a group of patients presenting nonadherence to treatment. Still, the poor adherence rate cited here is comparable to that of prospective, longitudinal research comparing various ACT techniques, 20 and with self-reporting, a wide range of behaviors often surfaces as patients identify and describe specific barriers to adherence. 21, 22 
Conclusions
In conclusion, this study revealed a high rate of ACT adherence in adult CF subjects. Lower level of education was the most important characteristic associated with poor adherence to ACT. Treatment recommendations and selfreported subject adherence were in best agreement when positive expiratory pressure and flutter devices were used. Healthcare professionals should consider these outcomes as potentially applicable to their own clinical practices.
